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© Narrow band excimer laser apparatus. 



CO 

o 
in 

o> 

ID 



© Within a resonator, a polarizer for linearly po- 
larizing an oscillation laser beam is provided and a 
birefringence filter for forming the oscillation laser 
beam into narrow band is arranged. 

Accordingly, in forming an excimer laser into 
narrow band, no possible damage of an optical sys- 
tem is present, an oscillation output is not lowered, 
and a laser of high efficiency can be provided. 
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BACKGROUND OF THE INVENTION 

The present invention relates to the art of a 
laser apparatus in which an oscillation wavelength 
is formed into a narrow band. 

Recently, attention has been paid to a laser 
beam as a light source for various industries. 
Among them, an application of the laser beam to a 
lithography light source used in a process of pro- 
ducing semiconductors, that is, an exposure light 
source for printing a semiconductor circuit pattern 
onto a silicon wafer is particularly promising. 

Incidentally, with the recent high integration of 
semiconductors, formation of short wavelength of 
the lithography is essential, and an excimer laser 
having a short wavelength is significant Lasers 
under study for this application include a KrF laser 
having an oscillation wavelength of 248 nm and an 
ArF laser having a wavelength of 193 nm. It is 
necessary for these lasers to make the oscillation 
wavelength narrow band to the wavelength band 
width of the order of pm ( = 10~ 12 m). 

In the past the formation of the excimer laser 
into narrow band is achieved by the following pro- 
cess. 

Generally, the excimer laser has an oscillation 
mechanism in which a high voltage discharge is 
generated in a container filled with laser gases, and 
molecules in the excited state generated at the 
time of discharge are used as media. The forma- 
tion of the laser into narrow band is achieved by a 
method for replacing a total reflecting mirror, 
among mirrors constituting a resonator, with a dif- 
fraction grid, and a method for inserting an etalon 
into a resonator. 

The method for using the diffraction grating 
and etalon as described above has a problem in 
that the diffraction grating and etalon constituting 
the resonator is damaged by the irradiation of 
powerful ultraviolet rays of the excimer laser. In the 
diffraction grating, a breakage of marking lines and 
reflecting coatings constituting the grid occurs. In 
the etalon, a breakage of the reflecting coating 
occurs. 

Furthermore, in the method using the diffrac- 
tion grid and etalon, working technique of high 
precision is required in forming a resonator. Be- 
cause of this, the cost increases, impairing the 
practical use. 

In the case where the non-narrow band state is 
outputted 100% and in the case where the narrow 
band is attained by the diffraction grating the out- 
put falls to 10%; and in the case where the narrow 
band is attainted by the etalon, the output falls to 
20%. 

SUMMARY OF THE INVENTION 



The present invention has been attained in 
view of the foregoing. The present invention has its 
task, in forming an excimer laser into narrow band, 
to eliminate a possible damage of an optical sys- 
s tern, not to increas the cost and not to lower th 
oscillation output. 

In order to solve the aforesaid task, the present 
invention has employed the following means. 

In the narrow band exgimer laser according to 
to the present invention, the resonator is interiorly 
provided with a polarizer for linearly-polarizing an 
oscillation laser beam and a birefringence filter for 
making the oscillation laser beam into narrow band. 

The excimer laser is the laser using as a laser 
75 medium excimer which is named genericalty an 
excited dimer in which atoms and molecules in the 
excited state are bonded with those in a separate 
state. 

The kinds of excimer include rare gas excimer 

20 such as Ar 2 , Kr2 and Xe2 ; rare gas halide excimer 
such as ArCI, ArF, KrCI, KrF, Kr 2 F, XeBr. XeCI, 
Xe 2 CI and XeF; mercury halide excimer such as 
Hgl, HgBr and HgCI; and rare gas oxygen excimer 
such as XeO and KrO. 

25 In the excimer laser, the aforesaid media (for 
example, Kr and F2 in the KrF excimer) and buffer 
gas (Ne or He) are sealed into a laser chamber 
under a few atmospheric pressures, high voltage 
pulse discharge is effected by an exciting circuit or 

30 an electron beam is irradiated to obtain a laser 
excited light, which is oscillated between a total 
reflecting mirror and an output mirror. 

The birefringence filter is an optical element 
which can select wavelengths by use of the 

35 birefringence property of an anisotropic optical cry- 
stal. 

In anisotropic optical crystals such as rock 
crystal and calcite, passed ordinary light and ex- 
traordinary light are propagated at different speeds. 
40 When linear polarization is incident upon an optical 
crystal at an angle of 45* with respect to an axis of 
the optical crystal, the maximum permeability is 
obtained when a phase difference between the 
ordinary light and extraordinary light in the crystal 
45 is a positive number fold of 2* . 

In other phase differences, an oval polarization 
results, and the permeability is lowered by adding 
a polarizing plate. 

The birefringence filter comprises an an- 
50 isotropic optical crystal and a polarizing plate. 

However, there is a birefringence filter which 
has no polarizing plate. The birefringence filter has 
an anisotropic crystal which is set to the Brewster's 
angle to omit the polarizing plate. 
55 The contrast in the magnitude of the perme- 
ability of the anisotropic optical crystals as men- 
tioned above is utilized to select the wavelengths. 
That is, the selection of the wavelengths by the 
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birefringence filter results from the occurrence of a 
phase difference between the ordinary ray and 
extraordinary yay in the relationship between the 
thickness of the optical crystal and the wav length 
of the incident light. 

1) The light having a wavelength in which a 
phase difference is a positive number fold of 2-n 
is emitted as a linear polarization from the cry- 
stal and passes through the polarizing plate 
without much loss. 

2) The light having other wavelength is con- 
verted into an oval polarization, and therefore, 
most intensity is cut by the polarizing plate. 

Accordingly, only the light having the 
wavelength determined by the thickness of the 
crystal passes through, and the light having other 
wavelength does not pass through, which is used 
to select the wavelengths. 

A riofilter as one of the birefringence filters has 
a fundamental construction in which a crystal plate 
is installed between two polarizing plates, and 
when light is allowed to pass, an interference stripe 
appears corresponding to the change in 
wavelength. Crystal plates having thicknesses of d, 
2d f 4d ... are sandwiched between polarizing 
plates, respectively, which are then placed one 
upon another. Then the interference stripes are 
also placed one upon another and a sharp peak 
remains. And a band pass filter having 1 A or so 
can be prepared. 

Furthermore, as the other birefringence filter, 
there is a sorfilter which has a construction in 
which some and the same thickness birefringence 
crystal plates are arranged between two polarizers, 
whose permeability is higher than that of the riofil- 
ter. The height of a small peak in the vicinity of a 
main peak is about 2.5 times of that of the riofilter. 

In the present invention, the excimer laser lin- 
early polarized by the polarizer is selected in 
wavelength by the birefringence filter and formed 
into the narrow band. 

The birefringence filter has the construction in 
which a plurality of anisotropic optical crystals are 
placed one upon another, which need not be pro* 
vided with coating which is low in damage resis- 
tance, and the polishing precision of the surface 
thereof required is not so as high as required by 
the etalon. 

When the aforesaid birefringence fitter is added 
to the excimet laser for use, it is possible to reduce 
the loss given to the laser oscillation output. 

Th present inv ntion can b used for the 
whole excimer laser but can be suitably used for 
the KrF laser and ArF laser which have the task of 
long life and high efficiency particularly for use with 
the semiconductor industry. 

Being the present invention constructed as de- 
scribed above, there is no possible damage of the 



optical system in forming th excimer laser into 
narrow band. 

Moreover, the laser without lowering th os- 
cillation output and having a high efficiency can be 
5 provided. 

Furthermore, the birefringence filter need not to 
have coating which is low in damage resistance, 
and in addition, the polishing precision of the sur- 
face required is not so high as required by the 
70 etalon, thus realizing a tow cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing one ernbodi- 
76 ment of the present invention, and Figs. 2 and 3 
are graphic representations showing the 
wavelength dependability of the permeability of the 
birefringence filter used in the embodiment. 

20 DESCRIPTION OF PREFERRED EMBODIMENTS 
OF THE INVENTION 

One embodiment of the present invention will 
be described hereinafter with reference to the 

25 drawings. 

As shown in Fig. 1, a total reflecting mirror 1, a 
laser chamber having windows at both ends, a 
polarizer 3, a beam forming optical system 4, a 
birefringent filter 5 and an output mirror 6 are 

30 arranged on one axis to form a resonator 7. The 
aforesaid beam forming optical system 4 is an 
optical system for magnifying or reducing a beam 
pattern of laser beam adjusting to an aperture of 
the birefringence filter 5. 

35 A laser power source and a gas supply device 
5 are connected to the laser chamber 2, and an 
actuator 11 for rotating the birefringent filter is 
provided along the birefringent filter 5. 

A beam splitter 12 is arranged ahead of the 

40 output mirror 6, and a part of the laser beam 
divided by the beam splitter 12 is introduced into a 
wavelength detector 13. 

The wavelength data from the wavelength detector 
13 is inputted into a control computer 15 through 

45 an interface 14. The control computer 15 encases 
therein a drive circuit for the actuator 11 so that the 
actuator 1 1 is driven in response to the wavelength 
data to rotate the birefringent filter 5 to vary an 
incident angle of the laser beam into the birefrin- 

so gent filter 5. 

The control computer 15 is connected to the 
laser power source and the gas supply device 10 
through the interface 14 so that the applied voltage 
and amount of gas supplied are controlled. 

55 Kr and F 2 as excimer and Ne as the buffer gas 
are supplied to the laser chamber 2. A voltage is 
applied to a discharge electrode in the laser chamr 
ber 2 to excite the laser beam. 
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The laser beam is linearly polarized by the 
polarizer 3 within the resonator 7, which is formed 
by the beam forming optical system 4 and incident 
upon the birefringent filter 5, formed into narrow 
band and then outputted from the output mirror 6. 

A part of the laser beam outputted is divided 
and taken by the beam splitter 12 and measured in 
wavelength by the wavelength detector 13. The 
wavelength data is then inputted into the control 
computer 5 {hrough the interface 14, and the 
birefringent filter 5 is rotated and controlled by the 
actuator 11 so as to have the target wavelength. 
Thereby, the laser oscillation wavelength can be 
stabilized into the desired wavelength. 

The birefringent filter used in the present em- 
bodiment comprises a riofilter composed of three 
crystals, which are formed of magnesium fluoride, 
whose thickness are 13.2 mm, 26.3 mm and 52.7 
mm, respectively. For the purpose of omitting the 
polarizing plates, the three crystals are set to the 
Brewster's angle. The wavelength dependability of 
the permeability of the birefringent filter is shown in 
Fig. 2, and the permeated wavelength widths are of 
the order 32 pm around 243.38 nm. 

Accordingly, the KrF excimer laser beam can 
be formed into narrow band to 32 pm. This can be 
replaced with a roughness regulation etalon in the 
case where the narrow band is attained by two 
etalons in the excimer laser for lithography. 

fn case of the similar structure but using cafcite 
as material with thicknesses of 7.2 mm, 14.5 mm 
and 29.0 mm, 3 pm of the permeated wavelength 
width is obtained around 248.38 nm as shown in 
Fig. 3. X 

This is the permeative characteristic capable of 
replacing with etalon for fine adjustment. 

Claims 

1. A narrow band excimer laser apparatus using 
an excimer and characterized in that a resona- 
tor is interiorly provided with a polarizer for 
linearly polarizing an oscillation laser beam 
and a birefringent filter for forming the oscilla- 
tion laser beam into narrow band. 

2. The apparatus according to claim 1, wherein 
the excimer of said narrow band excimer laser 
apparatus is selected from the group consist- 
ing of rare gas excimer, rare gas halide ex- 
cimer, mercury halide excimer and rare gas 
oxygen excimer. 

3. The apparatus according to claim 2. wherein 
the rare gas excimer is selected from the 
group consisting of Ar 2l Kr 2 , and Xe 2 ; the rare 
gas halid& excimer is selected from the group 
consisting of ArCI, ArF, KrCI, KrF, Kr 2 F, XeBr, 



XeCI, Xe 2 CI and XeF; the m rcury halide 
excimer is selected from the group consisting 
of Hgl, HgBr and HgCI; and the rare gas oxy- 
gen excimer is selected from the group con- 
5 sisting of XeO and KrO. 

4. The apparatus according to claim 1, wherein 
said birefringent filter comprises a sorfilter in 
which a plurality of the same thickness birefrin- 

70 gent crystal plates are arranged between two 
polarizing plates. 

5. The apparatus according to claim 1, wherein 
said birefringent filter comprises a riofilter in 

75 which a crystal plate is installed between two 
polarizing plates. 

6. The apparatus according to claim 1, wherein 
said birefringent filter comprises a riofilter con- 

20 sisting of crystal formed of magnesium flu- 
oride, the crystal is set to the Brewster's angle, 
and a wavelength dependability of a light per- 
meability is the permeated wavelength width of 
the order of 32 pm around 248.38 nm. 

25 

7. The apparatus according to claim 6, wherein 
said birefringent filter consisting three crystals 
whose thicknesses are 13.2 mm, 26.3 mm, and 
52.7 mm. 

30 

8. The apparatus according to claim 1, wherein 
said birefringent filter comprises a riofilter con- 
sisting of crystal formed of calcite, the crystal 
is set to the Brewster's angle, and a 

35 wavelength dependability of a light permeabil- 
ity is the permeated wavelength width of 3 pm 
around 248.38 nm. 

9. The apparatus according to claim 8, wherein 
40 said birefringent filter consisting three crystals 

whose thicknesses are 72 mm, 14.5 mm and 
29.0 mm. 

10. The apparatus according to claim 1, wherein 
45 birefringent filter comprising an anisotropic op- 
tical crystal and a polarizing plate, a linear 
polarization is incident upon the crystal at an 
angle of 45* with respect to a crystal axis of 
the optical, the maximum permeability is at- 

50 tained when a phase difference between the 
ordinary light and extraordinary light within the 
crystal is a positive number fold of 2* , and at 
other phase differences, it is converted into an 
oval polarization, the permeability of the oval 

55 polarization is lowered by the polarizing plates. 
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